This paper reports the analysis procedure and results of simultaneous spectral fits of the Suzaku archive data for Sagittarius (Sgr) A East and the nearby Galactic center X-ray emission (GCXE). The results are that the mixed-morphology supernova remnant Sgr A East has a recombining plasma (RP) with Cr and Mn Heα lines, and a power-law component (PL) with an Fe I Kα line. The nearby GCXE has a ∼1.5-times larger surface brightness than the mean GCXE far from Sgr A East, although the spectral shape is almost identical. Based on these results, we interpret that the origins of the RP and the PL with the Fe I Kα line are past big flares of Sgr A ⋆ .
bright X-ray reflection nebula (XRN) regions (Park et al. 2004; Koyama 2018, references therein) (hereafter, the nearby GCXE area), respectively (see figure 1 ).
Model Spectra of the Nearby GCXE and Sgr A East
Our main objective is spectral analysis in the Fe K-shell band (the ∼5-10 keV band), both for the nearby GCXE and Sgr A East. Accordingly, we ignore the energy band below 2.36 keV in the following spectral analysis. The GCXE has been known to be composed of several different class of sources (e.g., Koyama 2018) , and the spectrum has been successfully modeled by high and low temperature CIE plasmas (HTP and LTP), with linked abundances for the both plasma 1 . In addition, a PL with Fe I K lines is included. In the analysis of both the nearby GCXE and Sgr A East spectra, the cosmic X-ray background (CXB) compiled by Kushino et al. (2002) is included.
The model spectrum of Sgr A East is assumed to be a combination of ejecta and interstellar medium (ISM). We try two fits with the ISM models which are either a ∼ solar abundances plasma, or a plasma with same abundances as the those of the diffuse plasma of the nearby GCXE. No essential difference between these two fits is found. This paper refers to the results of the latter case, because Sgr A East is located in the GCXE, which would be largely affected by Sgr A ⋆ activity, high star burst activity, strong magnetic field and etc, and hence usual ISM with ∼solar abundance may not be applied.
Simultaneous Fit of Sgr A East with the Nearby GCXE
The process of simultaneous-fit is analogous to solving simultaneous equations of aX + bY = A, and Therefore, all the relevant parameters are coupled with each other complicatedly. The simultaneous fit with multiple ARFs can determine these parameters separately by χ 2 minimizing process, which is essential point of this fitting method.
The GCXE background by many previous authors (e.g., Sakano et al. 2004; Maeda et al. 2002) were taken from the region around the nearby GCXE, not from the background GCXE of Sgr A East.
Hence, their GCXE backgrounds were always underestimated, because the surface brightness of the GCXE near Sgr A East ( < ∼ 10 ′ radius) shows significant increase toward Sgr A ⋆ (Heard & Warwick 2013) . In fact, the surface brightness of the nearby GCXE and the background GCXE are estimated to be 2.4 × 10 −13 and 3.5 × 10 −13 erg s −1 cm −2 arcmin −2 (5-10 keV), respectively. In our simultaneous fit, the ARF takes account of the spatially distribution of the GCXE. Thus, the spectra and fluxes of the background GCXE and the nearby GCXE should be reliably estimated, in particular in the high energy band (5-10 keV) features of Fe peaked elements. As is shown in figure 1 , each pointing position (Observation ID) of table 1 covers only a fraction of the nearby GCXE area. Therefore, the unit of the vertical axis (counts s figure 2c is not proportional to the flux of the full nearby GCXE area (the 3/4 ring). The effective area is calculated using ARFs generated with xissimarfgen (Ishisaki et al. 2007) , and is ∼45% of the full 3/4 ring area.
At first, we assume that Sgr A East spectrum is a composite of two CIE plasma, which represent the ejecta and ISM plasma (Sakano et al. 2004; Park et al. 2005; Koyama et al. 2007b ). This two CIE model assumes ∼1 solar abundances of Mn and Cr, which is a same model as those of commonly used and accepted previously (e.g., Sakano et al. 2004; Park et al. 2005) . The simultaneous fit reveals that the two CIE model shows clear excess at the energies of Mn and Cr, indicating that Mn and Cr are over abundant (> 1 solar). We also find excess at 6.4 keV of Fe I Kα line (see figure   2a ). Adding a PL plus Fe I K component with free parameter of equivalent width, a better fit with
.25 (null probability is 0.6 %.) is obtained. Hereafter, we named this model as the conventional 2-CIE model (in short, 2-CIE). The best-fit 2-CIE model and parameters are given in figure 2a and the 2 nd , 3 rd columns in table 2, respectively. In figure 2a , we find significant data excesses from the 2-CIE model in the energy band of 5-10 keV, where the radiative recombination continuum (Fe XXV RRC), Cr XXIII Heα and Mn XXIV Heα exist. The excess of the Fe XXV RRC is direct evidence for the recombining plasma (RP) (e.g., Ohnishi et al. 2014) , because the relevant plasma should include significant fraction of Fe XXVI ions, more than that of the CIE plasma. from Sgr A ⋆ and the luminosity (erg s −1 ) of the past flare of Sgr A ⋆ , respectively. If log ξ > ∼ 4, the ejecta becomes H-like and naked Fe dominant plasma (RP). From the volume emission measure of the ejecta, n e is estimated to be ∼ 4 cm −3 . Then, with the best-fit n e t of 6.3×10 11 s cm −3 , logξ = 4
and R ∼1 pc, the time (t) after the photo ionization and flare luminosity (L) are estimated to be ∼ 10 The PL components are found in both Sgr A East and the nearby GCXE spectra (table 2) with the significance levels of 3.3σ and 46σ, respectively. Muno et al. (2008) reports 12 non-thermal filaments in the Sgr A East area. We make the summed spectrum of the 12 filaments and found that the spectrum is a PL with the luminosity of 7.4 × 10 33 erg s −1 (5-10 keV), which is only 24 % of the best-fit PL luminosity of Sgr A East. In the summed spectrum, no significant Fe I Kα line is detected.
Therefore a major fraction of the PL plus Fe I Kα line would be due to undetected components. One speculation is that there are many faint XRNe of small N H cloudlets, which would be hard to detect with the present instruments.
Conclusion
We have performed simultaneous spectral fits for Sgr A East and the nearby GCXE. The results are:
• RRC structure of Fe XXV, and K-shell lines of Cr XXIII Heα, Mn XXIV Heα and Fe I Kα are discovered from Sgr A East.
• The spectrum of Sgr A East is nicely explained by two RP components.
• The origin of the RP is probably due to the past big flares of Sgr A ⋆ with the luminosity of ∼ 10 42 erg s −1 .
• The nearby GCXE has a similar spectrum to the mean GCXE, although the surface brightness is ∼1.5 times larger than that of the mean GCXE. 
